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@ Apparatus for bevelling a wafer's edge. 

(g) An apparatus for bevelling the edge of a 
semi-conductor wafer (W), comprises a 
framework, a table (1) rotatably mounted on the 
framework and capable of holding the wafer 
(W), a buff (3) rotatably mounted on the 
framework opposite the table (10) and having a 
formed groove (3a) for bevelling the edge of the 
wafer (W), an air cylinder assembly (9) mounted 
on the framework and urging the buff against 
the wafer (W) by different forces on its orien- 
tation flat (W1). its circular edge (W2) and its 
round joints (W3), a sensor (11) sensing the 
orientatton flat (W1). and producing a signal, 
and a control (20. 30) controlling the air cylinder 
assembly (9) to select between the forces for the 
different regtons of the edge. The apparatus 
may also comprise (Figure 6) a grooving cutter 
assembly (54) removably held by the table (10), 
a lock (55) locking rotatton of the table (10) 



when the apparatus produces the fcHined 
groove (3a) in the buff (3), and a stopper (51) for 
stopping the movement of the air cylinder 
assembly (9) and positioning the cutter assem- 
bly relative to the buff (3). 
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The present invention relates to an apparatus for 
bevelling the edge of a semiconductor wafer (herein- 
after, referred to as a wafer) by polishing. 

FIG.1 7 is a plan view of a main structure of a pri- 
or-art wafer edge bevelling machine. The main struc- 
ture of the prior-art wafer edge bevelling machine 
comprises an arm 101 an intermediate of which is 
mounted on a pivot 102, a cylindrical buff 103 rotat- 
ably mounted to an end of the arm 101, an air cylinder 
assembly 109 having a piston rod in contact with the 
side of the other end of the arm 101 for pushing the 
buff 1 03 against the edge of a wafer W, and a suction 
turntable 110 positioned near the buff 103 and suck- 
ing the wafer W In place. 

In operation, a driver (not shown) rotates the buff 
103 at a high speed counterclockwise in FIG. 17, the 
air cylinder assembly 109 concurrently pushes the 
other end of the arm 101 by a fixed force F in the di- 
rection of an arrow F, and the suction turntable 110 
is rotated at a low speed counterclockwise in FIG. 17. 
Thus, the buff 1 03 is pressed on the edge of the wafer 
W by a contact pressure a and edge the edge of the 
wafer W Is edged. 

As shown in FtG.5, the edge of the wafer W gen- 
erally comprises an orientation flat W1, a circular 
edge W2, and round joints W3 between the orienta- 
tion fiat W1 and the circular edge W2. Since radii of 
curvature R1(=<x>), R2 and R3 of the orientation flat 
W1, the circular edge W2 and the round joints W3 
have a relational expression: R3<R2<Ri, the areas 
CI, C2 and C3 of spots of contact between the buff 
103 and each of the orientation flat W1, the circular 
edge W2 and the round joints W3 have a relational 
expression: C1<C2<C3. 

Therefore, when the air cylinder assembly 109 
pushes the side of the other end of the arm 101 by 
the fbced force F, the contact pressures a^, and 
produced on the orientation flat W1 , the circular edge 
W2 and the round joints W3 are reduced in response 
to the radii of curvature R1, R2 and R3 (i.e., 
ai<a2<C3). In particular, the round joints W3 receh^e 
an excessive contact pressure so that the edges of 
the round joints W3 may have an abnormally strong 
grip on the buff 103 to abnormally polish or bevel the 
round joints W3. 

Thus, the force F of the air cylinder assembly 109 
must be so small that the round Joints W3 will not 
have the abnormally strong grip on the buff 103. This 
reduces the productivity in the wafer edge bevelling. 

Since the contact pressures ou 02 and 03 on the 
orientation fiat W1 , the circular edge W2 and the 
round joints W3are different, the prior-art wafer edge 
bevelling machine cannot have an optimal uniform 
finish precision over the edge of the wafer W. 

Since bevelling the edges of many wafers W 
wears a fbrmed groove 103a in the buff 103 for bev- 
elling the edge of wafer W to deteriorate or deform the 
section of the formed groove 103a. i.e., produce a 



permanent set in fatigue on the section of the formed 
groove 103a, a new formed groove 103a must be pro- 
duced at a convenient time. 

Conventionally, there are two methods of pro- 

5 ducing the formed groove In the buff, it is a first meth- 
od that the buff 103 is removed from the wafer edge 
bevelling machine and then worked by a dedicated 
lathe to provide a new formed groove 1 03a. it is a sec- 
ond method that as shown in FIG.18 a rotating shaft 

10 IIORof the wafer suction turntable 110 hasa radially 
extending cutter 131 normally installed thereon and 
the cutter 131 is vertically moved and produces the 
fbrmed groove 103a in the buff 103, if necessary. 
In the first method, the attachment and the de- 

15 tachment of the buff 1 03 to and from the wafer edge 
bevelling machine are troublesome and the installa- 
tion precision of the buff 103 to the wafer edge bev- 
elling machine Is problem. In the second method, the 
wafer edge bevelling machine produces the formed 

20 groove 1 03a while the rotating shaft 1 30 has the buff 
103 normally Installed thereon, so that the installa- 
tion precision of the buff 103 on the rotating shaft 130 
Is not problem. However, the cutter 131 Is normally 
exposed to a slurry 113 containing a polishing mate- 

25 rial during wafer edge bevelling because of the nor- 
mal installation of the cutter 131 on the rotating shaft 
1 30. so that the cutter 1 31 must be made of a special 
protective material, e.g. an expensive and difficultly 
available ceramic material. Therefore, the kinds of 

30 available cutters are restricted. 

According to one aspect of this invention, an ap- 
paratus comprises: 
a framework; 

a table rotatably mounted on the framework 
35 and capable of holding the wafer; 

a buff rotatably mounted on the framework op- 
posite the table and having a formed groove for bev- 
elling the edge of the wafer; 

pressing means mounted on the framework, 
40 for pressing the buff on to the edge of the wafer; 

a sensor for sensing at least the orientatton flat 
of the wafer held on the table and producing a corre- 
sponding signal to indicate the orientation of the wa- 
fer; and, 

45 a control means controlling the pressing 

means to apply different forces between the buff and 
the wafer in the region of its orientation flat, its circu- 
lar edge and its round joints. 

The apparatus in accordance with this invention 

so provides an optimal bevelling precision over the wa- 
fer edge, and increases the productivity in the wafer 
edge bevelling operation. 

In the first aspect of the present invention, the 
forces may comprise a first force by which the press- 

55 ing means presses the buff on the orientation flat, a 
second force by which the pressing means presses 
the buff on the circular edge, and a third force by 
which the pressing means presses the buff on the 
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round joints. The first, second and third forces have 
/ such a relation that the first force Is largest, the sec- 

ond force Is intermediate and the third force is small- 
est. 

In the first aspect of the present invention, the 
pressing means may comprise an air cylinder assem- 
bly, the control means may comprise a pneumatic 
control circuit and an electronic central processing 
unit The pneumatic control circuit comprises a com- 
pressed air source and a solenoid operated valve. 
The solenoid operated valve changes the pressure of 
compressed air supplied from the compressed air 
source to the air cylinder assembly into three different 
pressures in response to the forces under the control 
of the electronic central processing unit. 

In the first aspect of the present invention, the 
sensor may comprise a photo-sensor having a light 
emitting element and a light receiving element ar- 
ranged opposite each other through the wafer held by 
the table. 

In the first aspect of the present invention, the 
photo-sensor is positioned relative to the table so that 
t he area of a cross sect ion of a beam of I ight received 
by the light receiving element is largest when the cen- 
tre of the orientation flat passes through a beam of 
light emitted from the light emitting element The sig- 
nals have voltages proportional to the area. 

In the first aspect of the present Invention, the 
control may determine the forces to produce substan- 
tially the same contact pressure on a point of bevel- 
ling between the edge surface of the formed gn^ove 
and the edge of the wafer over the edge of the wafer. 
Thus, the apparatus uniformly bevels the orientation 
flat, the circular edge and the round joints by the sub- 
stantially equal contact pressures and ensures an op- 
timal wafer edge bevelling precision over the wafer 
edge to increase the productivity in the bevelling. 

According to another aspect of this Invention, an 
apparatus comprises: 
a framework; 

an arm. an Intermediate portion of which is plv- 
otally mounted on the framework; 

a table rotatably mounted on one end of the 
arm and capable of holding the wafer, 

a buff rotatably mounted on the framework op- 
posite the table and having a formed groove for bev- 
elling the edge of the wafen 

a pusher for pushing the other end of the arm 
in a direction of the rotation of the arm in which the 
one end of the arm approaches the buff, 

a grooving cutter assembly capable of being 
removably held by the table and of producing the 
formed groove; 

a lock preventing rotatton of the table when the 
grooving cutter assembly produces the formed 
groove; and, 

a stopper mounted on the framework and stop- 
ping the rotation of the arm, the stopper positioning 



the grooving cutter assembly relative to the buff in co- 
operation with the pusher. 

This aspect of the present invention provides an 
apparatus for easily and precisely producing a 

5 formed groove in the buff for bevelling the wafer 
edge, which does not degrade the Installation preci- 
sk>n of the buff and requires no measure for taking ac- 
count of the polishing slurry. 

In this aspect of the present invention, the appa- 

10 ratus may further comprise a return spring urging the 
arm In a direction of the rotation of the arm in which 
the wafer held by the table is moved away from the 
buff. The pusher may comprise an air cylinder assem- 
bly having a piston rod In contact with the other end 

15 of the arm. The stopper may be opposite the pusher 
through the arm and movable in the direction of the 
piston rod. The stopper produces a counterforce hav- 
ing a direction in alignment with the direction of a 
push of the piston rod. 

20 In the second aspect of the present invention, the 
apparatus may further comprise the pusher pushing 
the arm by different forces to cause the buff to press 
by substantially the same contact pressure the orien- 
tation flat, the circular edge and the round joints of 

25 the wafer held down by the table, a sensor sensing 
the orientation flat, the circular edge and the round 
joints of the wafer held down by the table and produc- 
ing corresponding signals, and a control controlling 
the pusher to select between the forces in response 

30 to the signals. 

In the second aspect of the present invention, the 
forces may comprise a first force by which the arm 
presses the buff on the orientation flat, a second 
force by which the arm presses the buff on the circu- 

35 lar edge, and a third force by which the arm presses 
the buff on the round joints. The first, second and 
third forces have such a relation that the first force Is 
largest, the second force Is intermediate and the third 
force is smallest. 

40 In the second aspect of the present invention, the 
pusher may comprise an air cylinder assembly, the 
control comprises a pneumatic control circuit and an 
electronic central processing unit, the pneumatic 
control circuit comprising a compressed air source 

45 and a solenoid operated valve. The solenoid operated 
valve changes the pressure of compressed air sup- 
plied from the compressed air source to the air cylin- 
der assembly into three different pressures in re- 
sponse to the forces under the control of the electron- 

50 tc central processing unit 

In the second aspect of the invention, the buff 
need not be removed when the apparatus originally 
produces or renews the formed groove in the buff so 
that the grooving does not adversely affect the instal- 

55 lation precision of the buff. The stopper precisely 
stops the rotatton of the arm to precisely posltbn the 
grooving cutter assembly to precisely determine a bit- 
ing depth of the grooving cutter assembly in the buff. 
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This ensures the precise shaping of the formed 
groove. The table holds the grooving cutter assembly 
in place only when the apparatus shapes the formed 
groove in the buff, so that the grooving cutter assem- 
bly is not exposed to a polishing slurry. Consequent- 
ly, the apparatus eliminates the need for measures 
for the slurry and the need for the employment of a 
grooving cutter of an expensive material. The table 
can quickly precisely hold the grooving cutter assem- 
bly In place in substantially the same manner as the 
table holds the wafer, so that the apparatus can easi- 
ly efficiently produce the formed groove In the buff. 

Particular embodiments of the apparatus in ac- 
cordance with the invention will now be described 
with reference to the accompanying drawings, In 
which:- 

FIG.1 is a pneumatic circuit diagram of a wafer 
edge bevelling machine according to a first em- 
bodiment of the present invention; 
FIG.2 Is a view of the wafer edge bevelling ma- 
chine in the direction of an arrow X In FIG,1 ; 
FIG.3 is a view of the wafer edge bevelling ma- 
chine In the direction of an arrow Y In FIG.1; 
FIG.4 is a timing chart Illustrative of changes In 
a pushing force F with time; 
FIG.5 is a plan view of a wafer; 
FIG.6 is a plan view of a wafer edge bevelling ma- 
chine having a cutter for producing a formed- 
groove in a buff according to a second embodi- 
ment of the present invention; 
FIG.7 is a front elevation of the wafer edge bev- 
elling machine of FIG.6; 

FIG.8 is a right elevation of the wafer edge bev- 
elling machine of FIG.6 in the direction of an ar- 
row A in FIG.6; 

FIG.9 is a left elevation of the wafer edge bevel- 
ling machine of FIG.6, showing a state of bevel- 
ling the wafer edge; 

FIG.1 0 is the left elevation of the wafer edge bev- 
elling machine, showing a state of smoothing the 
outer cylindrical surface of the buff; 
FIG.1 1 is the left elevation of the wafer edge bev- 
elling machine, showing the completion of the 
smoothing the outer cylindrical surface of the 
buff, 

FIG.1 2 Is the left elevation of the wafer edge bev- 
elling machine, showing a state of producing 
formed grooves in the outer cylindrical surface of 
the buff; 

FIG.1 3 is a bottom view of a grooving cutter as- 
sembly; 

F1G.14 is a sectional view taken along Line B-B 
In FIG.13; 

FIG.1 5 is a view taken in the direction of an arrow 
C in FIG.14; 

FIG.1 6 is a timing chart illustrative of changes 
with time In the height of the buff and in the pneu- 
matic pressure supplied to the air cylinder as- 



sembly; 

FIG.17 is a plan view of a main structure of a pri- 
or-art wafer edge bevelling machine; and 
FIG. 18 is a side elevation of a main structure of 
5 a prior-art wafer edge bevelling machine having 

a cutter for producing a formed-groove In the 
buff. 

Embodiments of the present invention will be de- 
scribed with reference to the drawings hereinafter. 

10 FIGS.1 to 4 show a wafer edge bevelling machine ac- 
cording to a first embodiment of the present inven- 
tion. FIG.1 shows a pneumaticcircuitof a wafer edge 
bevelling machine according to a first embodiment of 
the present invention. FIG.2 Is a view of the wafer 

15 edge bevelling machine in the direction of an arrow 
X in FIG.1. FIG.3 is a view of the wafer edge bevelling 
machine in the direction of an arrow Y in FIG.1. FIG.4 
is a timing chart illustrative of changes In a pushing 
force F with time. 

20 In FIGS.1 to 3, an arm is indicated at 1 . An Inter- 
mediate of the arm 1 is mounted on a pivot 2 which 
is fixed to a framework (not shown) of the wafer edge 
bevelling machine. The front end of the arm 1 has a 
vertical rotetable shaft 4. The rotatable shaft 4 has an 

25 installed cylindrical buff 3of urethanefoam. As shown 
in FIGS.2 and 3, the outer cylindrical surface of the 
buff 3 has an annular formed groove 3a. The buff 3 
is not removed from the rotatable shaft 4 In renewing 
the formed groove 3a In the buff 3. The buff 3 may 

30 alternatively be removed from the rotatable shaft 4 In 
renewing the formed groove 3a in the buff 3. 

As shown In FIGS.2 and 3, the upper end of the 
rotetable shaft 4 extends upward through the arm 1 
and has a pulley 5 f bced thereto. 

35 A rear end of the arm 1 has an electrical motor 6 
mounted thereon. The vertical output shaft of the mo- 
tor 6 has a pulley 7. A belt 8 is extended between the 
pulleys 5 and 7 and passes over the rims of the pul- 
leys 5 and 7. An air cylinder assembly 9 is located to 

40 a side edge surface of the rear end of the arm 1 for 
roteting the arm 1 counterclockwise In FIG.1. A piston 
9b of the air cylinder assembly 9 separates the inter- 
ior of a cylinder 9a into chambers SI and S2. The 
front end of a piston rod 9C fixed to the piston 9b is 

45 in contact with the side edge surface of the arm 1 as 
shown in FIGS.1 and 2. 

As best shown in FIG.2, a suction table 10 is posi- 
tioned horizontally near the buff 3 and rotetable. The 
top surface of the suction teble 10 sucks in place a 

50 wafer W the edge of which are to be bevelled. A driver 
(not shown) rotetes the suction table 10. 

As shown in FIG.2, a photo-sensor 11 sensing the 
orientation flat W1 of the wafer W (see FIG.5) is posi- 
tioned near the suction table 10. The photo-sensor 11 

55 comprises a pair of a light-emitting unit 11a and a 
light-receiving unit lib arranged opposite each other 
through the wafer W. The light-receiving unit lib re- 
ceives a beam of lightfrom the light-emitting unit 11a 

5 
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to produce a sensing signal of a voltage proportional 
to the intensity of the light. 

When the circular edge W2 of the wafer W (see 
FIG.5) passes through the photo-sensor 11, the cir- 
cular edge W2 coinpletely intercepts the beam of light 5 
from the light-emitting unit 11a. On the other hand, 
when the orientation flat W1 passes through the pho- 
to-sensor 11, part or all of the light from the light- 
emitting unit 11a reaches the light-receiving unit lib, 
so that the photo-sensor 11 senses the orientation io 
f lat W1 . When the center of the orientation flat W1 en- 
ables the beam of light from the light-emitting unit 11a 
to pass to the light-receiving unit lib, the photo-sen- 
sor 11 produces a sensing signal of the peak voltage. 

A controller 20 comprising an electronic central is 
processing unit (CPU) receives the sensing signal 
from the photo-sensor 11 and determines the center 
of the orientation flat W1 from the peak voltage of the 
sensing signal. The determination of the center of the 
orientation flat W1 determines the positions of the 20 
orientation flat W1, the circular edge W2 and the 
round joints W3 (see FIG.5) since the dimensions of 
the orientation flat W1 is known to the wafer edge 
bevelling machine. 

In the first embodiment, the photo-sensor 11 dis- 25 
tinctively senses the orientation flat W1, the circular 
edge W2 and the round joints W3 and the wafer edge 
bevelling machine comprises a control selecting a 
corresponding one of pressures P1, P2 and P3 
(PI >P2>P3) of compressed air supplied to the air cy- 30 
Under assembly 9 in response to the sensing signals 
from the photo-sensor 1 1 . As shown in FIG.1 . the con- 
trol comprises a pneumatic control circuit 30 and the 
CPU 20. 

The pneumatic control circuit 30 comprises a ref- 35 
erence pressure line LO communicating with a ple- 
num of an air compressor (not shown). The reference 
pressure line LO has three parallel pairs of a pressure 
control valve VI and a solenoid operated valve MV1 
connected in series to the pressure control valve VI , 40 
a pressure control valve V2 and a solenoid operated 
valve MV2 connected In series to the pressure control 
valve V2, and a pressure control valve V3 and a sol- 
enoid operated valve MV3 connected in series to the 
pressure control valve V3. The pressure control valve 45 
VI reduces the reference pressure PO to the pressure 
PI. The pressure control valve V2 reduces the refer- 
ence pressure PO to the pressure P2. The pressure 
control valve V3 reduces the reference pressure PO 
to the pressure P3. The solenoid operated valves so 
MV1 , MV2 and MV3 are of a three-position three-port 
valve switched between positions a, b and c under 
control of the CPU 20. When the solenoid operated 
valves MV1, MV2 and MV3 are in the positions a, 
compressed air of the pressures PI, P2 and P3 is 55 
supplied to the chamber S2 of the air cylinder assenv 
bly 9 through reduced-pressure lines LI, L2 and L3. 
When the solenoid operated valves MV1, MV2 and 



MV3 are in the positions b (i.e. neutral positions), the 
solenoid operated valves MV1, MV2 and MV3 inter- 
rupt passages (i.e. supplies and discharges) of conr)- 
pressed air of the pressures PI, P2 and P3. When the 
solenoid operated valves MV1, MV2 and MV3 are in 
the positions c, the solenoid operated vah^es MV1, 
MV2 and MV3 enable compressed air to be dis- 
charged from the chamber S2 of the air cylinder as- 
sembly 9 to the atmosphere. 

A pressure line L4 is connected to the chamber 
SI of the air cylinder assembly 9 and to the reference 
pressure line LOorthe atmosphere. The pressure line 
L4 has a solenoid operated valve MV4 provided 
thereinter mediate. The solenoid operated valve MV4 
is a two-positk>n two-port valve controlled by the 
CPU 20. When the solenoid operated valve MV4 is in 
the position a, the pressure PO is supplied from the 
reference pressure line LO to the chamber SI of the 
air cylinder assembly 9. On the other hand, when the 
solenoid operated valve MV4 is in the position b, air 
is discharged from the chamber SI to the atmos- 
phere. 

Operatton of the wafer edge bevelling machine 
according to the first embodiment will be described 
hereinafter. 

The rotatable shaft 4 and the buff 3 are rotated 
at a high speed counterclockwise in FIG.1. On the 
other hand, the suction table 1 0 has sucked the wafer 
W, and the photosensor 11 sensed the positions of 
the orientation flat W1, the circular edge W2 and the 
round joints W3, and the CPU 20 has stored data of 
these positions. The motor 6 is nioved to transmit a 
torque to the rotatable shaft 4 by means of the pulley 
7, the belt 8 and the pulley 5. The driver (not shown) 
rotates the suction table 1 0 and the wafer W counter- 
clockwise in FIG.1. 

When the air cylinder assembly 9 drives the pis- 
ton rod 9c to push the side edge surface of the rear 
end of the arm 1 by the force F in the direction of the 
arrow F, the arm 1 receh^es a counterclockwise mo- 
ment about the pivot 2 to push the buff 3 against the 
edge of the wafer W by the contect pressure a so that 
the edge surface of the formed groove 3a in the buff 
3 bevels the edge of the wafer W. In an actual wafer 
edge bevelling, the wafer edge bevelling machine 
supplies a slurry conteining a polishing material to the 
beveled edge of the wafer W. 

The CPU 20 switches between the pneumatic 
pressures PI, P2 and P3 supplied to the air cylinder 
assembly 9 In response to the sensing signals from 
the photo-sensor 11 to switch between the forces F1, 
F2 and F3 having a relational expressfon: F1>F2>F3 
and applied to the arm 1 (see FIG.4) so that the three 
contact pressures 02 and aa on the orientetion fiat 
W1, the circular edges W2 and the round joints W3 
are substentially equal. 

Specifically, wafer edge bevelling machine, as 
shown in FIG.5, bevels the edge of the wafer W dock- 
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wise from the point A on the circular edge W2 in 
FIG.5. First, since a point of beveiling is within the cir- 
cular edge W2, the CPU 20 causes the solenoid op- 
erated valve MV2 to assume the position a and the 
solenoid operated valves MV1, MV3 and MV4 to as- s 
sume the positions b. Thereby, the pressure control 
valve V2 reduces the reference pressure POfrom ref- 
erence pressure line LO to the intermediate pressure 
P2 between PI and P3. The pressure P2 is supplied 
to the chamber S2 of the air cylinder assembly 9 io 
through the reduced-pressure line 12 to extend the 
piston rod 9c outside the cylinder 9a. Air is concur- 
rently discharged from the chamber SI of the air cy- 
linder assembly 9 to the atmosphere through the 
pressure line L4. is 

The piston rod 9c is extended to push the side 
edge surface of the front end of the arm 1 by the in- 
termediate force F2 between the forces F1 and F3 
shown in FiG.4. The buff 3 is pressed by the contact 
pressure 0^2 on the circular edge W2 to bevel the cir- 20 
cular edge W2 by polishing. 

When the suction table 10 is rotated to transfer 
the point of bevelling to an round joint W3, the CPU 
20 switches the position of the solenoid operated 
valve MV3 to the position a and the position of the 25 
solenoid operated valve MV2 to the position b and 
continues the other solenoid operated valves MV3 
and MV4 to assume the positions b. Thereby, the 
pressure control valve V3 reduces the reference 
pressure PO from the reference pressure line LO to 30 
the lowest pressure P3. The pressure P3 is supplied 
to the chamber S2 of the air cylinder assembly 9 
through the reduced-pressure line L3 to extend the 
piston rod 9c out side the air cylinder 9a. Air is con- 
currently discharged from the chamber SI of the air 35 
cylinder assembly 9 to the atmosphere through the 
pressure line L4. 

The piston rod 9c is extended to push the side 
edge surface of the front end of the arm 1 by the 
smallest force F3 of the forces F1 . F2 and F3 shown 40 
in FIG.4. The buff 3 is pressed by the contact pres- 
sure as on the round joint W3 to bevel the edge of the 
round joint W3. 

When the suction table 10 is then rotated to 
transfer the point of bevelling to the orientation fiat 45 
W1 . t he CPU 20 switches the position of the solenoid 
operated vah^e MV1 to the position a and the position 
of the solenoid operated valve MV3 to the position b 
and continues the other solenoid operated valves 
MV2 and MV4 to assume the positions b. The pres- 50 
sure control valve VI then reduces the reference 
pressure PO from the reference pressure line LO to 
the highest pressure PI of the reduced pressures PI , 
P2 and P3. The pressure P1 is supplied to the cham- 
ber S2 of the air cylinder assembly 9 through the 55 
pressure line LI to extend the piston rod 9c. Com- 
pressed air is concurrently discharged from the 
chamber SI of the air cylinder assembly 9 to the at- 



mosphere through the pressure line L4. 

The piston rod 9c is extended to push the side 
edge surface of the rear end of the arm 1 by the larg- 
est force F1 of the forces F1. F2 and F3 shown in 
FIG.4. The buff 3 is then pressed by the contact pres- 
sure 01 on the orientation flat W1 to bevel the edge 
of the orientation flatWI. 

The suction table 10 Is subsequently rotated to 
transfer the point of bevelling to the other round joint 
W3. The buff 3 is then pressed by the contact pres- 
sure az on the other round joint W3 to bevel the other 
round joint W3. The suction table 10 is subsequently 
rotated to again transfer the point of bevelling to the 
circular edge W2. The arm 1 Is rotated by the force 
F2 in the manner described above. The buff 3 is 
pressed by the contact pressure ^2 on the circular 
edge W2 to bevel the circular edge W2. When the 
suction table 10 is rotated to return the point of bev- 
elling tothe point A, the wafer edge beveiling machine 
finishes bevelling the edge of the wafer W. 

For example, when the wafer edge bevelling ma- 
chine bevels the edge of the wafer W with a 8-inch di- 
ameter by means of the buff 3 with a 150-mm radius 
and the respective radii R1, R2 and R3 of curvature 
of the orientation flat W1, the circular edge W2 and 
the round joints W3 are 00, 100 mm and 5 mm, the ra- 
tios between the forces F1, F2 and F3 are selected 
to be 30:13:1 so that the contact pressures ai, <j2 and 
as are substantially equal. 

Thus, the wafer edge bevelling machine unifornrv 
ly bevels the orientation flat W1 . the circular edge W2 
and the round joints W3 by the substantially equal 
contact pressures and insures an optimal wafer edge 
bevelling precision over the edge of the waferW to in- 
crease the productivity in the bevelling. 

The first embodiment has the structure of mov- 
ing the buff 3 to the wafer W for bevelling the edge of 
the wafer W. However, an alternative embodiment of 
the present Invention may have a structure of moving 
the wafer W to the buff 3. 

FIGS.6 to 16 show a wafer edge bevelling ma- 
chine having a cutter for producing a formed-groove 
in a buff according to a second embodiment of the 
present invention. FIG.6 is a plan viewof a wafer edge 
bevelling machine according to the second emt>odi- 
ment of the present Invention. FIG.7 is a front eleva- 
tion of the wafer edge bevelling machine of FIG.6. 
FIG.8 is a right elevation of the wafer edge bevelling 
machine of FIG.6 in the direction of an arrow A in 
FIG.6. FIG.9 is a left elevation of the wafer edge bev- 
elling machine of FIG.6, showing a state of bevelling 
the wafer edge. 

In FIGS.6 to 9. an arm is indicated at 41. An in- 
termediate of the arm 41 is mounted on a ph^t 43 
fbced to the front end of a support rod 42 extending 
from a fixed framework of the wafer edge bevelling 
machine. The front end of the arm 41 has an electrical 
motor 44 mounted atop it and a rotatable suction table 
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45 mounted on the underside thereof and rotated by 
the motor 44. A vacuum source (not shown) supplies 
a negative pressure to the underside of the suction 
table 45. The underside of the suction table 45 sucks 
the wafer W or a grooving cutter assembly 54 (see, s 
e.g., FIGS.7 and 10). 

A cylindrical buff 46 of urethane foam is installed 
to an output shaft 48 of a driver 47 near the suction 
table 45. As shown in FIG.9, the outer cylindrical sur- 
face of the buff 46 has seven annularformed grooves io 
46a vertically arranged for bevelling the wafer edge. 
Each of the formed grooves 46a has a cross section 
corresponding to the cross section of the edge to be 
bevelled of the wafer W. The buff 46 is not removed 
from the output shaft 48 in renewing the formed i5 
groove 46a in the buff 46. The driver 47 rotates the 
buff 46 at a predetermined speed and vertically 
moves the buff 46. 

A piston rod 49a of an air cylinder assembly 49 
fixed to the framework of the wafer edge bevelling 20 
machine pushes the side edge surface of the rear end 
of the arm 41. The rear end of the arm 41 is connect- 
ed with one end of a return spring 50 in the form of a 
tension coil spring, so that the arm 41 Is continuously 
urged in a direction In which the wafer W is moved 25 
away from the buff 46 (i.e. clockwise in FIG.6). The 
air cylinder assembly 49 extends the piston rod 49a 
to rotate the arm 4f about the pivot 43 counterclock- 
wise in FIG.6 and as shown in FIG.9 press the wafer 
W sucked by the suction table 45 by a predetermined 30 
force on the buff 46 during bevelling of the wafer 
edge. It is possible that the air cylinder assembly 49 
has substantially the same structure as the air cylin- 
der assembly 9 of the first embodiment of the present 
invention. That is, the air cylinder assembly 49 may 35 
have three output pressures corresponding to the 
three output pressures PI . P2 and P3 in bevelling the 
wafer edge. 

Opposite the air cylinder assembly 49 through 
the arm 41 , a stopper 51 in the form of an air cylinder 40 
assembly having a piston rod 51a is f bced to the fra- 
mework of the wafer edge bevelling machine in order 
to position the tip of a cemented carbide tipped tool 
54b of a grooving cutter assembly 54 relative to the 
outer cylindrical surface of the buff 46. The piston rod 4S 
51a of the stopper 51 is aligned with the piston rod 
49a of the air cylinder assembly 49. Therefore, when 
the stopper 51 operates as shown in FIG.6, the arm 
41 is rigidly precisely positioned at right angle to the 
axis of the support rod 42. so 

In bevelling the edge of the wafer W, the driver 47 
rotates the buff 46 at a high speed. On the other hand, 
the suction table 45 is rotated at a low speed by the 
motor 44 and concurrently receives the negative 
pressure, so that the suction table 45 rotates the wa- 55 
fer W at the low speed while sucking the wafer W. In 
this state, when the air cylinder assembly 49 has the 
same structure as the air cylinder assembly 9. the air 



cylinder assembly 49 extends the piston rod 49a by 
predetermined distances to push the side edge sur- 
face of the rear end of the arm 41 by the forces cor- 
responding to the forces F1, F2 and F3 to rotate the 
arm 41 about the pivot 43 against the force of the re- 
turn spring 50 counterolockwise in FIG.6. The edge of 
the wafer W sucked by the suction table 45 Is pressed 
on the edge surface of one of the formed groove 46a 
in the buff 46 while the motor 44 rotates the suction 
table 45 at the low speed. 

When the edge of the wafer W is pressed on the 
edge sur^ce of the one of the formed grooves 46a 
and a nozzle 52 supplies a slurry 53 containing a pol- 
ishing material to the point of bevelling of the edge of 
the wafer W, a relative sliding between the edge of 
the wafer W and the edge surface of the one of the 
formed groove 46a and the polishing operation of the 
slurry 53 together bevel the edge of the wafer W. 

Bevelling the edges of many wafers W produces 
a permanent set in fatigue in the edge surfaces of the 
formed grooves 46a, so that the shape of the cross 
section of each formed groove 46a becomes to dis- 
agree from a target shape of the cross section of the 
edge of the wafer W. When the formed grooves 46a 
have failed, the wafer edge bevelling machine, as 
shown in FIG.12, renews the formed grooves 46a in 
the buff 46 by means of the grooving cutter assembly 
54. 

The process of renewing the formed-grooves 
46a in the buff 46 will be described with reference to 
FIGS.10-12 hereinafter. During renewal of the 
formed grooves, t he wafer edge bevelling machine in- 
terrupts bevelling the edge of the wafer W and the 
supply of the slurry 53 by the nozzle 52. 

The wafer suction table 45 sucks the grooving 
cutter assembly 54 while the output shaft 48 of the 
driver 47 has the buff 46. As shown in FIGS.6 and 7, 
a locking jig 55 fastened by means of bolts 56 to the 
front end of the arm 41 locks the rotation of the suc- 
tion table 45 during renewal of the formed grooves 
46a. As best shown in FIG.6, a rectangular hole 55a 
in the front end of the locking jig 55 fits a rectangular 
end of the output shaft 44a of the motor 44 to lock the 
rotation of the output shaft 44a of the motor 44 and 
therefore the suction table 45. 

The grooving cutter assembly 54 will be descri- 
bed with reference to FIGS.13-15 hereinafter. FIG.13 
is a bottom view of the grooving cutter assembly 54. 
FIG.14 is a sectional view taken along Line B-B in 
FIG.13. FIG.15 is a view in the direction of the arrow 
Cin FIG.14. 

As best shown in FIG.13, the grooving cutter as- 
sembly 54 comprises a disc 54a sucked by the suc- 
tion table 45, a holder 54a-1 projecting from the un- 
derside of the disc 54a, a cemented carbide tipped 
tool 54bfitted into a groove 54a-2 defined In the hold- 
er 54a-1, and a cover 54a-3 covering the underside 
of the cemented carbide tipped tool 54b and f bced by 
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the bolts 57 to the underside of the holder. As best 
shown in FIG. 13. the tip of the cemented carbide tip- 
ped tool 54b extends radially from the edge of the disc 
54a. 

When the air cylinder assembly 49 extends the 5 
piston rod 49a to rotate the arm 41 about the pivot 43 
counterclockwise in FIG.6, until the side of the rear 
end of the arm 41 contacts the stopper 51, the ce- 
mented carbide tipped tool 54b bites the buff 46 by a 
predetermined depth (i.e. a depth by which the ce- io 
mented carbide tipped tool 54b can completely shave 
the old formed grooves 46a). In this state, the driver 
47, as shown in FIGS. 10 and 11, moves the buff 46 
upwards so that the cemented carbide tipped tool 54b 
shaves an outer surface layer of the buff 46 by the is 
predetermined depth to gradually smooth the outer 
cylindrical surface 46b from the top to the bottom of 
the buff 46. The piston rod 51a of the stopper 51 pre- 
cisely positions the tip of the cemented carbide tip- 
ped tool 54b relative to the buff 46 (i.e. provides a pre- 20 
else biting depth in the buff 46). 

Atlming chartof FIG.16 Illustrates this operation. 
That is, FIG.16 Is a graph of changes with time In the 
height H of the buff 46 and in the pressure of com- 
pressed air supplied to the air cylinder assembly 49. 25 
In smoothing the outer cylindrical surface of the buff 
46, the air cylinder assembly 49 receives a fixed pres- 
sure Pa, and the driver 47 moves the buff 46 at a pre- 
determined speed by a height difference AH between 
the lower limit and the upperlimitof the movement of 30 
the buff 46 until the completion of the smoothing. The 
pressure Pa Is so high that the air cylinder assembly 
49 precisely positions and rigidly fixes together with 
the stopper 51 the grooving cutter assembly 54 reia- 
t ive to the buff 46. Thus, t he grooving cutter assembly 3s 
54 precisely smooth the outer cylindrical surface of 
the buff 46. 

As shown In FIG.11, when the driver 47 has 
moved the buff 46 up to the upper limit of the move- 
ment of the buff 46 to remove the bottom of the buff 40 
46 from the cemented carbide tipped tool 54b. the ce- 
mented carbide tipped tool 54b completes shaving 
the old formed grooves 46a from the buff 46 to 
smooth the overall outer cylindrical surface of the 
buff46, i.e.,renewtheoutercytindricalsurfaceofthe 45 
buff 46. 

After the completion of the smoothing, the wafer 
edge bevelling machine stops supplying the pressure 
Pa to the air cylinder assembly 49 as shown in FIG.16. 
The return spring 50 then rotates the arm 41 about so 
the pivot 43 clockwise in FIG.6. The driver 47 then 
moves the buff 46 up to the tower limit of the move- 
ment of the buff 46 (see FIG.16). 

The driver 47 then moves up the buff 46 by a pre- 
determined height difference Ah (see FIG.1 6) and the 55 
stopper 51 concurrently contracts a rod 51 a by a pre- 
determined distance. The air cylinder assembly 49 
then receives the pressure Pa again as shown in 



FIG.16 to rotate the arm 41 counterclockwise in FIG.6 
by a predetermined angular distance. The cemented 
carbide tipped tool 54b then bites the buff 46 by a pre- 
determined depth and produces a new first formed 
groove 46A having a predetermined cross section 
and a predetermined size in the renewed outer cylin- 
drical surface 46b of the buff 46 at the bottom end of 
the buff 46 as the driver 47 rotates the buff 46. as 
shown in FIG.12. 

After the completion of the production of the first 
formed groove 46A in the outer cylindrical surface of 
the buff 46, the wafer edge bevelling machine stops 
supplying the pressure Pa to the air cylinder assembly 
49. The return spring 50 then rotates the arm 41 
about the pivot 43 clockwise in FIG.6 to remove the 
cemented carbide tipped tool 54b from the buff 46. 
The driver 47 then moves the buff 46 by the prede- 
termined height difference Ah. The air cylinder as- 
sembly 49 then receives the pressure Pa. The ce- 
mented cariDlde tipped tool 54b produces a second 
new formed groove 46A above the first formed 
groove 46A. 

Thus, repeating the grooving provides a plurality 
of new annular formed grooves 46A (e.g. seven) ar- 
ranged axially of the buff 46. These new formed 
grooves 46A serve to bevel the edge of the wafer W. 

In the second embodiment, the buff 46 need not 
be removed from the output shaft 48 of the driver 47 
when the wafer edge bevelling machine originally pro- 
duces or renews the formed grooves in the buff 46 so 
that the grooving does not adversely affect the instel- 
latlon precision of the buff 46 to the output shaft 48 
of the driver 47. In addition, the stopper 51 precisely 
stops the rotation of the arm 41 to precisely position 
the cemented carbide tipped tool 54b to precisely de- 
termine the biting depth of the cemented cari^ide tip- 
ped tool 54b in the buff 46. This insures the precise 
shaping of the formed grooves 46A. 

The suction table 45 sucks the grooving cutter 
assembly 54 in place only when the wafer edge bev- 
elling machine shapes the formed grooves In t he buff 
46, so that the grooving cutter assembly 54 is not ex- 
posed to the polishing slurry 53. Consequently, the 
wafer edge bevelling machine eliminates the need for 
measures for the slurry 53 and the need for the em- 
ployment of a grooving cutter of an expensive mate- 
rial. 

In addition, the suction table 45 can quickly pre- 
cisely suck and install the grooving cutter assembly 
54 in substentially the same manner as the suction 
teble 45 sucks the wafer W. so that the wafer edge 
bevelling machine can easily efficiently produce the 
formed grooves 46A in the buff 46. 



Claims 

1. An apparatus for bevelling the edge of a wafer 
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(W). the edge of the wafer including a circular 
edge (W2) having a radius of curvature, an orien- 
tation fiat (W1) separate from the circular edge 
(W2) and having an infinite radius of curvature, 
and round joints (W3) each having a radius of cur- s 
vature smaller than the radius of curvature of the 
circular edge (W2) between the circular edge 
(W2) and the orientation flat (W1), comprising: 
a framework; 

an arm (1) an intermediate portion (2) of io 
which is pivotally mounted on the framework; 

a table (10) rotatably mounted on one end 
of the arm (1) and capable of holding the wafer 
(W); 

a buff (3) rotatably mounted on the frame- is 
work opposite the table (10) and having a formed 
groove (3a) for bevelling the edge of the wafer 
(W); 

a pusher (9) for pushing the other end of 
the arm (1) in a direction of the rotation of the 20 
arm (1) In which the one end of the arm (1) ap- 
proaches the buff (3); 

a grooving cutter assembly (54) capable of 
being removably held by the table (1 0) and of pro- 
ducing the formed groove (3a); 25 

a lock (55) preventing rotation of the table 
(10) when the grooving cutter assembly (54) pro- 
duces the formed groove (3a); and, 

a stopper (51) mounted on the framework 
and stopping the rotation of the arm (1 ), the stop- 30 
per (51 ) positioning the grooving cutter assembly 
(54) relative to the buff in co-operation with the 
pusher (9). 

An apparatus for bevelling the edge of a wafer 35 
(W), the edge of the wafer including a circular 
edge (W2) having a radius of curvature, an orien- 
tation flat (W1) separate from the circular edge 
(W2) and having an infinite radius of curvature, 
and round joints (W3) each having a radius of cur- 40 
vature smaller than the radius of curvature of the 
circular edge (W2) between the circular edge 
(W2) and the orientation flat (W1), comprising: 
a framework; 

a table (1 0) rotatably mounted on the f ra- 4S 
mework and capable of holding the wafer (W); 

a buff (3) rotatably mounted on the frame- 
work opposite the table (1 0) and having a formed 
groove (3a) for bevelling the edge of the wafer 
(W); 50 

pressing means (9) nrounted on the fra- 
mework, for pressing the buff (3) on to the edge 
of the wafer (W); 

a sensor (11) for sensing at least the ori- 
entation flat (W1) of the wafer held on the table 55 
(10) and producing a corresponding signal to in- 
dicate the orientation of the wafer (W); and, 

a control means (20, 30) controlling the 



pressing means (9) to apply different forces be- 
tween the buff (3) and the wafer (W) in the region 
of Its orientation flat (W1), its circular edge (W2) 
and its round joints (W3). 

3. An apparatus according to claim 2, including an 
arm (1) an intermediate port ton of which is pivo- 
tally mounted on the framework and having the 
table (10) rotatably mounted on one end, and In 
which the pressing means is formed by a pusher 

(9) which pushes on the other end of the arm (1), 
the apparatus also including: 

a grooving cutter assembly (54) capable of 
being removably held by the table (1 0) and of pro- 
ducing the formed groove (3a); 

a lock (55) preventing rotation of the table 

(10) when the grooving cutter assembly (54) pro- 
duces the formed groove (3a); and, 

a stopper (51) mounted on the framework 
and stopping the rotation of the arm (1). the stop- 
per (51) positioning the grooving cutter assembly 
(54) relative to the buff in co-operation with the 
pusher (9). 

4. An apparatus according to dalm 1 or 3, further 
comprising: 

a return spring (50) urging the arm (1) in 
a direction of rotation in which the wafer (W) held 
by the table (1 0) is moved away from the buff (3); 
and, 

wherein the pusher (9) comprises an air 
cylinder assembly (49) having a piston rod (49a) 
in contact with the other end of the arm (1), and 
the stopper (51) is opposite the pusher (9) and 
movable in the direction of the piston rod (49a), 
the stopper (51) producing a counter force having 
a direction in al^nment with the directton of a 
push of the piston rod (49a). 

5. An apparatus according to any one of claims 2 to 

4, wherein the control means (20, 30) determines 
the forces to produce substantially the same con- 
tact pressure at all points around the edge of the 
wafer (W). 

6. An apparatus according to any one of claims 2 to 

5, wherein the forces comprise a first force (F1) 
by which the pressing means (9) presses the buff 
(3) on the orientation flat (W1), a second force 
(F2) by which the pressing means (9) presses the 
buff (3) on the circular edge (W2), and a third 
force (F3) by which the pressing means (9) 
presses the buff (3) on the round joints (W3), the 
first, second and third forces having such a rela- 
tion that the first force (F1) is largest, the second 
force (F2) is intermediate and the third force (F3) 
is smallest 
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7. An apparatus according to any one of claims 2 to 
8, wherein the pressing nieans comprises an air 
cylinder assembly (9), the control means com- 
prises a pneumatic control circuit (30) and an 
electronic central processing unit (20), the pneu- s 
matic control circuit (30) comprising a com- 
pressed air source (Po) and a solenoid operated 
valve (V), the solenoid operated valve (V) chang- 
ing the pressure of compressed air supplied from 

the compressed air source to the air cylinder as- io 
sembly (9) into three different pressures in re- 
sponse to the forces under the control of the elec- 
tronic central processing unit (20). 

8. An apparatus according to any one of dai ms 2 to i$ 
7, wherein the sensor (11) comprises a photo- 
sensor having a light emitting element and a light 
receiving element arranged opposite each other 

and on opposite sides of the wafer (W)- 

20 

9. An apparatus according to daim 8, wherein the 
photosensor (11) is positioned relath^e to the ta- 
ble (10) so that the area of a cross section of a 
beam of light received by the light receiving ele- 
ment is largest when the centre of the orientation 25 
flat (W1) passes through a beam of light emitted 
from the light emitting element, the signals hav- 
ing voltages proportional to the area. 
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